Use of compounded pelleted fibre feed and ground pelleted hay as substitutes for hay in horse feeding was investigated. Thirty horses were divided into a control group and two experimental groups. The control horses received 6 kg hay per day. The horses in the two experimental groups were fed 3 kg hay per day and the remainder of their hay portion was substituted with a compounded pelleted fibre-rich feed or pelleted hay.
Introduction
Fibre is a useful attribute in a horse's diet (e.g. Frape 1986 ): It has a role both as a structural and filling material in the digestive tract of the horse. It is also a source ofenergy for the bacteria and ciliates in the caecum and colon. Furthermore, fibre suppresses any rapid fall in the pH in the large intestine and stimulates peristaltic contraction.
The primary source of fibre in horse feeding is long-stem roughage, mainly hay. However, poor hygienic quality, e.g. dusty and mouldy hay, is often encountered in practice, and may cause health problems, such as illnesses of the respiratory organs and digestive tract of the horse. Thus, suitable substitutes and supplements for poor quality hay are needed.
Use of pelleted feed in horse feeding has been reported by some researches. Most of these previous reports have dealt with whole plant pellets. For example, whole oat plant pellets can replace a considerable part of hay and oats (Kossila and Ljung 1976) in horse feeding. Whole plant pellets (e.g. oats, com) can also be used as the sole feed in horse diets (Kossila et al. 1979 , Schurg et al. 1977 . Also grass molasses pellets (Peltonen et al. 1978) or beet pulp (Hintz 1989) have been found to be suitable feed and possible substitutes of hay for horses. According to Johansson (1980) oats and hay could be replaced by a pelleted mixture with good quality straw. This feeding experiment was conducted to study the use of compounded pelleted fibre-rich feed, and ground pelleted hay as substitutes for long hay in horse diets, and to determine their influence on health, haematology, faecal microflora and weight change.
Material and methods

Horses
Fifteen warmblooded riding horses (11 geldings, 4 mares) aged 4 to 15 years (8.1+4.0 years) and fifteen Finnhorses (6 geldings, 5 mares, 1 stallion) aged sto 13 years (7.3±2.0 years) were divided into a control group and two experimental groups. The groups were balanced for breed, age and sex differences. Of the Finnhorses, 7 were riding horses and 8 were trotters. The horses were exercised 1 V hours per day (light or moderate work). The mean body weight was 567 kg for the warmblooded riding horses and 531 kg for the Finnhorses (537 kg for riding horses; 529 kg for trotters).
Feeds and feeding
Throughout the 91-day feeding trial the horses were fed according to their body weight, amount of exercise and body condition. The diet was balanced to meet the nutritional requirements of horses engaged in light work (Salo et al. 1982 ). Prior to starting the feeding trial the horses were orally treated with anthelmintic. The horses were individually fed three times per day. Feed samples were collected daily and the feeds were analyzed by standard methods. The FU (feeding unit) and DCP (digestible crude protein) values were calculated according to Finnish feeding tables (Salo et al. 1982) , and ME (metabolizable energy) values according to MAFF (1975) .
The feeding values and composition of the feeds are presented in Table 1 . The hay was timothydominated (cut at full-bloom stage) and artificially dried. Hay pellets were made of young mixed hay. (Näsi 1988) . The digestibility of these by-products has been reported to be low (Näsi 1988) . The feeds differed clearly from each other in their crude fibre and crude protein contents. In the two experimental groups, the horses received on the average 3 kg long-stem hay per day and 2.4 kg either pelleted compounded fibre feed (CF-group) or ground pelleted hay (PH-group). Horses in the control group (C-group) were given 6 kg long-stem hay and 300 g wheat bran per day. All horses were given 1 to 4.5 kg oats according to their amount of exercise and body condition. The diets were also supplemented with a mineral concentrate. Each horse had an automatic drinking bowl.
Blood and faecal sampling
Blood and faecal samples (6 samples/horse) were collected at two-week intervals during the feeding trial. Samples were taken prior to exercise, approximately 2 hours after morning feeding.
Blood samples were taken from the jugular vein into evacuated blood collection tubes for serum glucose, haemoglobin (Hb) and haematocrit (He, packed cell volume) determinations. Faecal samples were collected from the rectum to investigate the faecal microflora.
Chemical analysis and counting of bacteria Blood serum glucose (mmol/1) was determined photometrically by the glucose-dehydrogenase method (Borgmeyer 1974 , Henry 1974 ) with Gilford Stasar-spectophotometry. Hb (g/1) was determined by cyanmethemoglobin and He by microcapillary methods.
In the faecal samples, the number of colonies (10 3 /g) of E.coli and other coliform bacteria were counted (Månsson 1957 ). Counting continued up to 100 x IOVg. Larger numbers of colonies indicate a very good status and balance of intestinal microflora (Yhtyneet laboratoriot 1985) . In addition, the range offaecal streptococci and moulds was counted.
The colonies were counted and moulds determined visually after cultivating 5 g of rectal contents on EMB-agar at 37°C. The incubation time was 24 hours.
Weighing the horses
The weight of the horses was measured at twoweek intervals. Furthermore, the state of the health of the horses was observed regularly.
Statistical methods
The differences between the feeding groups in the distribution among the classes of the number of faecal E.coli colonies (<5O x 10 3 ,50-99 x 10 3 and >lOO x 10 3 ) was tested by the y 2 -test.
The data consisting of feed intake, blood parameters and body weights were subjected to an analysis of variance. In addition to the feeding group (CF, PH, C), the statistical model included the following factors: sex, breed, age, and in Finnhorses, class of purpose (riding or trotting) of the horse. The initial values (blood parameters or weights) were included in the statistical model as covariates.
Results
Feed and nutrient intake
The horses in each group had good appetites throughout the trial and they consumed all the feeds offered. The mean daily feed and nutrient intakes in each group are shown in Table 2 . The difference in the mean digestible crude protein (DCP) intake between the feeding groups was statistically significant (p<0.001).
The mean dry matter (DM) and fibre intakes (per 100 kg bwt) of C-group horses were statistically significantly larger (p<o.ol and pO.OOl) than those of the other horses (Table 2) .
Mean daily energy and digestible crude protein intakes of the warmblooded riding horses were 5.25 FU (66.5 MJ ME) and 539 g DCP. For Finnhorses, the corresponding intakes were 5.20 FU (73.6 MJ ME) and 623 g DCP, and 6.00 FU (83.2 MJ ME) and 718 g DCP, for riding horses and trotters, respectively.
The intake of dry matter was 7.69 kg for the warmblooded horses and 7.95 kg for the Finnhorses (7.5 kg for riding horses and 8.4 kg for trotters). Serum glucose concentration increased during the trial and the average concentration was highest in the CF-group horses (Fig. 1) (p<0.05) . In the Cand PH-group horses the serum glucose concentration remained quite constant. The difference in serum glucose concentrations between the groups at the beginning and end of the trial was not statistically significant (Table 3) .
Influence on faecal microflora
No diarrhoea or other symptoms of a declined health status of the digestive tract were observed. The numberof E.coli decreased in all horses during the course of the trial. The lowest number ofE.coli was found in the faeces of the control horses.
The differences between the feeding groups in the distribution of horses among the classes by number ofE.coli colonies were not statistically significant (Table 4 ).
In the case of the other coliform bacteria than E.coli, there was a considerable variation in bactera count between the samples from an individual animal. The average number of the colonies of coliform bacteria other than E.coli during the trial was 19.2 x 10 3 /g (s = 7.6 x 10
3 ).
Streptococci were found in the faeces of all the The live weight of all the horses decreased during the course of the experiment (Table 5 ). The decline was smallest in the control group. The differences between the diets were not statistically significant. The health of all the horses was normal throughout the experiment. The experimental feeds did not cause any skin symptoms and had no detrimental effect on hair quality. The pelleted feed diets cause a slight appetite depravity in some individuals.
Discussion
The state of the health of all the horses was good.
The Hb, He and MCHC values observed for both breeds agreed with values reported for healthy horses in literature (Kossila et al. 1972, Kääntee 1977, Pösö et ai. 1983) . Hb and He values may vary, e.g. owing to illness (Snow and Vogel 1987) .
The higher serum glucose concentrations of CFgroup horses compared to the other horses may be due to the molasses which was an ingredient (25 %) of the feed. The control horses were fed during the experiment the same diet as before the experiment, which may give an explanation for their relatively constant blood glucose levels.
The serum glucose content may be influenced by the amount of soluble carbohydrates in the diet, as well as by the forage-grain ratio and size of the meal (Kossila et al. 1972 ) and generally by the type of diet (Argenzio and Hintz 1972). Stull and Rodiek (1988) found no differences in the serum glucose concentration between various studied diets. Blood glucose concentration is an expression of a dynamic balance between glycogen breakdown and synthesis, as well as the production of glucose from other sources, e.g. propionate in the caecum. According to Ford and Simmons (1985) , 7 % of the total glucose production derived from propionate was produced in the caecum and the percentage was unaffected by the diet. Thus, it may be suggested that blood glucose concentration is also connected to the extent and rate of fermentation in the caecum. Most of the blood glucose, however, derived from the digestion of starch and low molecular carbohydrates in the small intestine (Ford and Simmons 1984) .
The functioning of the digestive tract of the horses was normal. Faecal E.coli was used as an indicator of the microbial status and health of the digestive tract. The number of E.coli in faeces is a common indicator of the status of intestinal microflora in horses (i.a. Yhtyneet laboratoriot 1985). Månsson (1957) reported a close connection between the state of health of the host animal and the intestinal and faecal microflora. Månsson (1957) reported that the influence of fodder on faecal coliform was not quantitative but qualitative. Syrjälä et al. (1976) found that the diet influenced the rumen microbiota of sheep both quantitatively and qualitatively. Nurmio et al. (1973) found coli bacteria, faecal streptococci, lactobasilli, chlostridia, moulds and yeasts in the faeces of horses with normal digestive functions. High counts of coliforms and low counts of moulds have been found in the faeces ofhealthy horses (Wierup and DiPiETRO 1981) .
Skin changes -which were not observed in this study -are also indicators of the poor status of intestinal microflora (Månsson 1957) . Because a slight appetite depravity (wood chewing, coprophagy, eating of beddings) was observed in some horses especially at the beginning of the feeding trial, it was assumed that the pelleted feed diets might cause a reduction in gut fill and feed consumption time (Hintz and Loy 1966, Frape 1986) .
The requirement of crude fibre in adult horses is 16-18 % in the dry matter of the diet, and the minimum daily requirement of long hay is 0.5-0.6 kg per 100 kg live weight (Meyer 1986) . Frape (1986) suggested intakes as low as 0.25-0.5 kg per 100 kg live weight for long hay.
The crude fibre content of all diets used in this experiment exceeded the minimum requirement suggested by Meyer (1986) . The intake of long hay in both experimental groups was 0.55 kg per 100kg live weight. The crude fibre content (19.3 % in DM) of the compounded pelleted feed offered an adequate amount of fibre for the normal functioning of the digestive tract of the horse. Frape (1986) recommends a crude fibre content of 14-15 % in compounded feeds for horses engaged in light or moderate work.
The decline in the body weight of all the horses might be due to the reduced feed intake during the experiment compared to the time before the experiment.
Both compounded pelleted fibre-rich feed and pelleted hay seemed to be suitable substitutes for hay in horse feeding. However, the cost of replacing other nutrients than fibre and the effect on feed intake, feeding behaviour and digestive physiology should also be considered (Hintz 1989 Pelleting has been reported to decrease the digestiblity offibre and dry matter both in horses (Meyer 1974 , Kossila and Ljung 1976 )and cows (Jarrige et al. 1973 , Uden 1988 . However, Hintz and Loy (1966) found no reduction in the digestibility of fibre or in the efficiency of feed utilization. Kossila and Ljung (1976) reported equal rates of passage for oat pellets and long hay.
The use of pelleted feeds in horse feeding has certain advantages, such as a more consistent balance of nutrients, less feed wastage, and less dust in the stable. To avoid different vices (wood chewing, coprophagy) only part of the long-stem forage can be recommended to be substituted in horse feeding.
Conclusions
No health disturbances or other detrimental effects were observed during the feeding experiment. Both compounded pelleted fibre-rich feed and pelleted hay were palatable and suitable replacements for hay and sources of crude fibre in the diet of horses.
However, to avoid possible vices, only part of the hay can be recommended to be substituted in the diet.
